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Suzanne Dandoy, M.D., M.P.H.

Staté of Utah Ree D

DEPARTMENT OF HEALTH
DIVISION OF ENVIRONMENTAL HEALTH

Norman H. Bangerter
Governor

288 North 1460 West
Executive Director P.O. Box 16690
Kenneth L. Alkema Salt Lake City, Utah 84116-0690
Director (801) 538-6121

March 30, 1989

Mr. Ed King

Jumbo Mining Co.
6305 Fern Spring Cove
Austin, TX 78730

Re: Jumbo Mine
Authorization to Operate

Dear Mr. King:

Based on the information submitted earlier and information received in a phone

conversation of 23 March 1989, Jumbo_Mining is hereby authorized to operate the
authorized pads i.e. #1, #2, #3, #4, and #5; subject to the following conditions:

1. A proposal for removal of ore from any pad, including the minimum amount of ore
which will rernain to protect the liner, must be submitted for review and approval.

2. Cyanide will only be applied to ore which is resting upon an approved lined heap
leach pad.

Please contact Charlie Dietz or Mack Croft if there are any questions.

Sincerely,

Utah Water Pollution Control Committée

L. ¢ dH-

Don A. Ostler, P.E.
Executive Secretary

- CGD/ag '
" ce: Biuce Hall, central Utah District Health Department, Nephi
Lowell Braxton, Division of Oil, Gas and Mining

4076y-90
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%1 Moisture Content. The soil samples were air
ried and screened on a 30 mesh sieve prior to using
£ them in the various cyanide attenuation tests.

% Following the air drying the soil moistures were
;Emeasured at least two times and the. results were

" averaged. These measurements are presented below.

peLL 3 H 0 2 H0 AV 110
“Thunder Mt., Top Soil 3.1 2.2 2.6
..Thunder Mt., Green Clay 2.5 2.5 2.5

. Barrick, Leach Area {2 2.3 2.3 2.3
: Montana Tunnel, Colluvium 1.7 1.8 TaT

Soil pH. The soil pH of the soils tested ranged frem
.as high as 9.55 to 5.50. In almost every case the
* soil pH results were lower than the final pH measured .
..in the sealed stirred reactor with that specific
|, soil. The final pH measured in the sealed stirred
" reactor ranged from 9.4 to 6.4. These slightly
# higher pH results. were not unexpected since the pH of |
‘© the cyanide solution added to the stirred reactor was
- about 10 versus the pH of the deionized water at 6.7.
i+ The pH results of the stirred reactor and deionized

" water tests are presented in Table 3.

TABLE 3

& pH Results of Stirred Reactor
- and Deionized Water Tests

o " L TR pH-Deionized Waterl — pH-Stirred Reactor 2
' “(initial-final)

Barrick Manning  9.55 . 10.1-9.4
Shale # J
Barrick Dump 8.94 10,583 s laih
Leach #1 =
"Barrick Dump 9.08 9.97-9.31 Y 4y
Leach #2
Thunder Mountain 5.8 10.3-7.5
Top Soil :
Rochester +9.16 . 10.3-9.4
Carlin Overflow 8.62 10.2-9.3
. Montana Tunnels  6.67 9.97-8.6
Colluyium'
Delamar.eadow  5.50 ) 10.1-6.4
© Western . 7.46 ) 10.3-7.5
Goldfields. :

lThe deionized water test was conducted by placing 10
grams in 100 ml of deionized water and measuring the

pH after 10 minutes.  The initial pH of the water was
6.7. '

2The stirred reactor tests lasted approximately 30
hours each, in which 100 grams of soil was placed in

one liter of solution containing 26 ppm of free
cvanide.
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Stirred Reactor Tests

.Soils. The equlpment and procedures for the stirred
ireactor tests are described above. All stirred .
‘reactor tests were sealed and performed with one
.liter of cyanide solution unless otherwise noted.
?The results of these tests are presented in Table 4.
The test results of three soils that exhibited good
cyanide attentuation are presented in Figure 3.

Puré Component Tests. Sealed stirred reactor Leuﬁs
were conducted with 100 grams of potassium feldspar,
plagioclase (calcium feldspar), bauxite, kaolinite
and organic matter (2) in a one-liter 10-3M cyanide
solution. The initial solution pH's were 10.3. In
ol hours, the potassium feldspar attenuated 8% of the
cyanide and the plagioclase (calcium feldspar)
attenuated 6% of the cyanide. The results of these
tests are presented in Figure y. The final solution
pH was 9.88 and 10.0, respectively. :

A second stirred reactor test was conducted with
one liter of 10-3M CN- (49 mg/1 NaCN) solution and
200 grams of plagloclase. The initial solution pH
was 10.4. In this test COp-free argon gas was passed
over the reactor. In the second test 7% of the g
cyanide was collected in the gas trap. An additional
83iw6f the cyanide remained 1in solution. . This
indicates that 10% of the cyanide was attenuated by
the soil in 24 hours. A total cyanide analysis was
performed on the solution-plagioclase mixture - :
following the test completion. About 86% of the
original cyanide content was detected in the total
éyanide test. Given some analytical error, total
éyanide roughly equaled free cyanide for this test;
hence, little if any cyanide-metal complexes were
present in the solution. >

Sealed stirred reactor tests were conducted with
100 grams of bauxite and kaolinite-in a one-liter 10~
34 cyanide solution. In 24 hours, the bauxite
attenuated 24% and the kaollnite attenuated 27% of
the cyanide. The test results indicate that bauxite
and kaolinite have significant cyanide attenuation
abilities. The results of these tests are contained
in Figure 4. The final solution pH's were 6.2 and
8.64, respectively. :

The rinal solution was analyzed for total
cyanide, which showed significantly variations from
the reported free cyanide content of the solution.

.It is suspected that aluminum is cadsing interference

with the analyses. Further studies in these systems
are required.

Two sealed stirred reactor tests (Tests A & B)
were conducted with 100 grams of.organic matter
(compost) in a one-liter 10-3M cyanide solution. The
material for Test A was partially decomposed composﬁ.
Conversely, the Test B material was completely
decomposed. The initial solution pH's were 10.0 and
9.7, respectively. The decomposed organic matter
outperformed the partially decomposned material in the
tests. In 9 hours for Test B, 38f% of the cyanide was




cpradation
owill e al."? reported that cymide salts move only a short distance
hrough soil before heing binlogically converied under acrobic condi-
tions fo nitrates (microbial degradation to NHj, then conversion to
/" NOy~ or fixcd by trace metals through chelation. The vast majority of

£ this attenuation was attributed to biodegradation. Strobel® tested both

Iy

.

sterile and non-sterile soils to determine their effect on cyanide. ‘The
non-sterile soil degraded cyanide, while the sterile soil did not appre-
ciably alier cyanide. Fuller! reported that cyanide up to 200 ppin was

readily converted to fertilizer nitrogen in the soil, In fact, plants ¢

responded to cyanide applications nearly identically as they did to
sodium or ammonium nitrate. :

Cyanide biodegradation is currently being utilized to treat industrial
wastewater in two scparate processes. Homestake Mining Co. uses
bacteria 1o freat its wastewater prior to discharge. ICU Bioproducts
detoxifics cyanide with a strain of the fungus Fusariunt luteritium,
Lxperimentation is proceeding with strains of augmented natural
Pacteria to treat cyanide contaminated groundwater.

Biodegradation under anacrobic conditions is not ncarly as prolific
as acrobic. ‘The limit for effective anacrobic degradation of cyanide
was found by Cobum?®' to be 2 ppm. Above this concentration, the
cyanide was found to be toxic to the anacrobic microorganisms.

SOIL CHARACTERIZATION

Since, specific soil constituents  demonstrate significant cyanide
altenuation, sail characterization has heen an essential partion ol the
testing procedure. ‘Twenty eight different soil types from sites located
in eight different western states have been characterized and tested.
Mast of these soils have been analyzed for mincralogy (x-ray diffrac-
tion), organic carbon, soil pH and soil texture. The results of the tests
are prescnted below.

Mincralogy
The mincralogy of the samples was determined by x-ray diffraction.

.
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The mineralopy results are listed in Table 1. The main mincralogical
diffetence between the various soils are the levels of quartz, feldspars
and clays praducts found in the samples. Since the quartz showed little
reactivity with the cyanide, the feldspar and clay mincrals have been of
most_interest, The soil samples contained between 7 and 30% feld-
spars (orthoclase and plagioclase) and approximately 30-50% clay
mincrals (mainly kaolin, illite and smectite). From pure domponcent
testing, the fcldspars have been found to react with cyanide by both
releasing metal fons that chelated with the cyanide and by adsorbing
the cyanide and acting as an oxidizing site to cyanate. The cyanide
oxidation was cnhanced in the presence of copper ions. Smcctite also
adswrbed cyanide. The pure smectife sample that was tested exhibited
no release of metals or cyanide complexes.

Orpanic Carbon Content

The organic carbon analyses were performed using the Walkicy -
Black methodology, The results of these tests are listed in Table 2.
“The arid western U. S. soils and subsails tested averaged about 0.6%
ouganic carbon with a range from 0.3 to 2.17%. “These values arc on
the low range of carbon content for typical U, S. soils, which averages
about 2%. ] :

Ouipanic carbon was measured as a function of depth for two holcs at
the site in Nevada. The organic carbon content decreased with depth.
‘Ihe carbon content at 2% {1, below the surface averaged 0.6% and it
reduced with depth to 0.25% at 25 . Four soil samples between 25
and 55 ft. (the bottem of the hole) averaged 0.25% organic carbon.

Soit pll

Sail pH was measured at the Utah State University and the data are
given in Table 2. All of the soils tested exhibit natural pH below the
pK of cyanide (9.36) where the 1ICN and CN - values arc equal. A plot
of the retationship of HCN and CN - with pH is presented in Figure 1.
This plot shows that il the cyanide solutiun in the soil was at a pti of
8.0, about 95.6% of the freg cyanide waould be in the form of HCN. At

Table 1
Suil Mineralogy

Approximate Welght Fercent Minersl Constituents In Soil

coil Sample Cratblt Otz Plaglo rSpar Calcite polmite Amphble lems Pyrt italloy Xaoln Chlor 1111t Smctit Pyro Clinpt otherl
BTS - SQ - 2 21 14 - - - - - 2 2?2 - - 4
1o - 39 7 6 12 - - 1?7 - - - 3 [ 3 - - {
ED - 16 14 9 10 - 1 1 - - - - 5 2?2 - - 43
[ - " 11 10 2 - - - - 1 - - 9 52 - 1?7 -
ccl - 22 19 9 2 - - b 1? - - 2 3 1] - 1? 23
©cc2 - 27 21 1t 2 - 3 1 - - - 2 ] [ - - 1]
rl - 51 ? s 3 - - - 17 - 2 - 18 2?7 - - 11
€2 - b3 10 6 - - - - - - 2 - 18 27 - - 8
Gs - 27 10 15 10 - 17 - - - - 1? 7 15 - [ 8
BH - 19 1 4 2] - 1. - 1? - - - 4 7 - 1? 36
G - 6 2) S 4 - - ] - 1 - - - s3 - H
WGF 13 9 11 [ - - - - 1? - S - 3 18 - - 45
(3 4 - 7 1 4 8 - - - - - - - b 5 - - 1]
N2 - 9 9 5 4 - - - - - - 2 7 7 - - 57
M B - 27 - - - - - - - - - 12 13 4 n - -
BO2 - 28 8 H 3 - - - - - 2 - 3 7 - - -
.81 - 3% 6 ) 43 - - - 1 - 2 - 4 ¢ - - -
‘Ml - N 20 8 9 - - - 1? - 1 3 19 S - - .-
R - 23 19 8 1?7 - 1?7 - - - - - S 9 - - n
THTS 2% 21 - 262 - - - - 17 - - - 17 7 - - 19
T™C - 4L 9 15 - - - - - - - 13 2 - 20
. .- ) % 2 - - - - - : - $ 3 - - 21
bad i - - - - - - - - - M - .t 1% - b e
Ll - £ - - - - -~ - - - - - - 1
totes s
Other! = Amerphous, helov detection limit, could fnclude glaas opal, smorphous clay, orqanic materisl,

x-spat2 - Sanldines all other apparently orthoclase.
Cratblt - Cristoballte otz'- Quartz
Doimite - Molomite Amphble = Amphibole
Halloy - HMalloysite (7 A) ¥soln - ¥esolin

Smctit - Crectite ryro - pyrophyllite

Plagio ~ rlagioclase
Hems ~ lUematite

Chlor - Chlorlte & Kaolin

XSpar - X~Feldspar
pyrt - Pyrite

111t - Yllite & Mica

Clinpt - Clinoptilolite

1 FACUATE MATERIAL 1IANDLING
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Tahle 2
Soil Characteristics
Soll org CIC  Elect Percentage
_ﬂ pH Hatl - CO_"‘l E_'E :__[1! M Texture
Lot t.3 0.26 19.0 0.6 [ 3] [ ] b} lossy Eand
2 1.7 .17 2¢. 2.4 b1 9 4 16 Losw
(43 2.8 16 9.3 0.2 ” ] 3 sand
52 t.0 .7 - - 3¢ 37 13 Loan
L g $.0 1.1 - - [{3 b1} 7 Ssndy loam
T™HYS .3 1.0 - - R 353 13 Losn
n 1.2 0.) - - - - - -
Nl 7.4 o.1 - - [{ 1 16  Sandy Loam
L.~ 4 €.7 1.2 - - - - - -
™oe 6.1 - - n (1] 20 Losa
1 1.) 0.3 - - - - - -
2 1.2 62 1%.7 4.3 4] 4“$ 11 Sandy Lovs
[ 1.3 1.2 1.4 1¢.1 o.3 » p 1 7 osm
[ T4 0.2% 43.6 3.3 3 23 44 Clay
®2 7.3 g.4¢ 13.0 2%.3 60 24 16 sandy Lose
[~} 7.7 0.83% 1.4 2.0 37 1% 17 Bandy Lloam
- ] 1.9 .92 11.6 23.0 716 18 ) 11 Sandy Losm
r 3.8 0.8¢ 1.3 0.) S0t 21 13  Lose
r2 S.l_ Q.8 1.4 0.3 “ ) 21 Loss
"~ .6 a.8¢ 16.2 s.7 k] 1 12+ Bandy Lo
cus 8. 0.3 2.6 32 €2 ] 30 Sendy Clay loam
BTy T.9 6.67 - - 4H s 17 lom
M Tl 1.1y - - 11 38 n Silty Clay Losm
csy T8 0. 74 - - 1] 2 10 Ssndy Losm
[ 1.1} .84 - - b)Y b3 (1} Clay

a pll of 7.6, about 98.3% would be HCN.

Hence, if there is a pathway to the atmosphere by which pascous
hydrogen cyanide may escape, volutilization could be a significant
degradation mechanism in these sails, In addition to HCN volatilizing
and diffusion out of the soil, it was found that HCN is more active in
adsorbing on soil surfaces than CN - cither in the solution or in the gas
phase, which is typical of many other ongnic acids.

100 0
90 |- -{10
80 |- —{20
70 -430
v 601 —1 40
> ) HCN 6
0O so+—~ CN 150,
R H
40— —160 3t
30+ —70
20} ~ 80
10 ' ~90
0 1 1 1 | 100
1 10 9 8 7
; pH

Figure |
Dissociation of Hydrogen Cyanide
as a Function of pHl

TEST RESULTS *

Kinetic Reactor Tests « Pure Minerals

There arc three different types of surfaces responsible for adsorbing
anions such as’CN < in sotl. ‘The first is oxide surfaces, such as e or
Al that form oxides and surface hydroxyl groups (O, The M-Oll is
in cquilibrium with soil water or groundwater. Depending upon the ph
of the soil system, M-OIl can develop cither a positive or ncgative
charge, Il the pH is high, then M-OH will develop a negative surface
charge due to H+ dissociation from the OH group. If the pH is Jow,
then M-OH will develop a positive surface charge by attracting 1+,
Hence, the surfice chame of oxides is pH-dependent. For example,
gocthite (Alpha-FeOOH) possesses a net negative charge above a plt of

470 LEACHATE MATERIAL HANDILING

approximately 8.5 and adsotbs cations. However, gocthite possesses a
net positive charge bekav a plt of approximately 8.5 and adsorbs
antons, .

The sccond type of surface responsible for attracting and accumulat-
ing anions is the cdges of alumino-silicate clay mincrals. The edges of
these minerals contain fons that are not fully coordinated. As a result,
these edges adsorb H+ and OH - to form hydroxylated surfuces and
behave in a manner similar to metal oxides. Since all clay mincrals
have cdges, they all purticipate to some extent in adsorbing anions.
UHamvever, the 2:1 clay miners (smectite) have edges that comprise only
about 1% of the total surface charge; thercfore, these minerals do not
cxtensively adsorb anions. On the other hand, the I:1 clay mineral
(kaolin) cdges comprise a relatively greater proportion of the total
surface charge; as a result, these minerals can adsorb a relatively
greater percentage of anions,

The third type of surface responsible for attracting and accuniulating
anions in soils is organic matter. Soil organic matter possesses func-
tional groups that adsorb H+ and O to form charged surfaces and
behave in # manner similar to metal oxides. All three of these surfaces
have been found to adsorb cyanide in these tests.

“The kinetic reactor test results for plagioclase, orthoclase and kaolin
were performed in stirred reactors. Orthoclase (K-feldspar), plagio-
clase (Ca-feldspar), and kaolin all adsorb followed by oxidization to
cyanate. A mathematical mode! was developed to fit the experimental
data. This mode! was uscd to predict the adsorption - oxidation of
cyanide on the various pulp densitics of orthoclase, plagiociase and
kaolin minerals, A typical example for orthroclase is shown in Figure
2. The calculated curves predict the experimental data points well for
the 100 g1 and 200 g/l pulp densitics. Hawever, for the 400 g/ pulp
density, the caleulated values are greater than the experimental. This
variation may be due to interaction of the soil particles or insufficicnt
stirring at the higher pulp densities.

)

10 - ?
. 100g/L 5
A 200g/L
0.8 '
o a
400g/L
0.6 |- v
o
0
N
Q
043~
0.2}
Calculated Curves
PTS . Experimental Data
0.0 | | |
0 20 40 60 80
TIME(hrs)
Figure 2

Picdicted and Measured Cyanide Remaval
in Outhoclase-Cyanide Pulp

These reaction models sugpest that the feldspars and kaolin clay
may remove as much as 0.05 mg of eyanide per gram of mineral. The
impact that this mechanism might have on a cyanide release in a
typical arid soil with average feldspar (orthoclase and plagioclase)
content of 20%, a density of 100 1b/f® and a porosity of 40% is
estimated below, If one pore volume of 130 ppm cyanide solution
passing through a foot of soil interacts with 25% of the feldspar, it
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) SOUTHERN UTAH STATZ TESTING LAS ih§13ﬁ
SCIENCE ELDG. - RGOM 010
v 351 WEST CENTER
L CEDaR CITY, UT 84720
\ SAMPLE NUMSER : K0830515 COST : 154.20
TIME COLLECTED : 16:00 AM DATE COLLECTED : 5-22-89
DATE RECIVED : 30-MAY-134§
y OATE COMPLETED : 5-JUL-1939 DATE SENT : 7_57-89
INVOICE NUMBER ¢ (-x0890515
COLLECTOR @ DAVE HASLOW .
y SITZ LOCATION :
SEND RESULTS TO : JUM30 MINING CCMPANY
DELTA, UT 84524
ANIONS CATICONS CATICNS 53N PRAM GXYGEN  CHECKS
\ 195.7 BICAR ¢ 1.24 Feoi
. . lA X .S = \ \v
\;// \x____ \:
< 0.01 Pb /
(, % 878.0 CL)
' 0.004 As 35.9 Mg
< 0.1 ka (& 0.272 #n)
0.42 FLUCR <0.001 Hg 7.8 Pd
(% 49.20 NGE) <0.002 Cd 5. K < 0.40. SURF
' 333.0 Ca <0.005 Se -
‘ <0.005 Ay
) '
’ < 0.01 Cr 445.C Na
e s T —"‘"‘\\
N | 5 2568. T0S)
2.93 Cu 0.10 Zn 139.00 TUR:I
' 422.0 s34
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SOUTHERN UTAH STATE TESTING LAB leq i
~ SCIENCE BLDG. - ROOM 010 :
- 351 WEST CENTER < -
W, CECAR CITY, UT 84720 ' I \
SAMPLE NUMBER : K0B90514 CAST : 154.20
TIME COLLECTED : 9:00 AM  °  DATE COLLECTED : 5-25-89

DATE RECIVED

30-MAY-1989

DATE COMPLETED

5-JUL-1989 DATE SENT : 7-(-89 , )
INVOICE NUMBER : &- NNog%05)4

COLLECTOR ¢ DAVE HARTSHORN

==

SITE LOCATI : JOY SPRING™

SEND RESULTS TO ¢ JUMBO MINING COMPANY
’ P.0. 30X 999
DELTA, UT 84624

ALL RESULTS IN MILLIGRAMS/LITER (ppm)

ANIONS CATIGNS CATIONS GEN PRAM  OXYGEN  CHECKS
(_188.4 BICAR . < 0.05 Fe-T
o < 0.01 Pb
* 579.0 Cl
sh' 0.008 As 44,6 My

< 0.1 8a ¥ 0.060 Mn»

R

0.20 FLU3R <0.001 Mg 7.7 PH

7

1.63 NO3  <0.002 Cd 30. X \0.56 sug;7
. f . ’ &_ ___///

191.0 Ca <0.005 se .
<0.005 Ag
< 0.01 Cr 336.0 Na i

1}523. TD%Q)

_ 0.02 Cu ° 0.26 In 0.20 TU®R3I
\_142.0 S04

NOTES ¢
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